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Zinc oxide was prepared by citrate precursor method [1]. The precursor taken was Zinc 
acetate dehydrate {(CH3COO)2Zn.2H2O} and this was purchased from Fisher scientific, 
Citrate acid {C6H8O7} and it was purchased from Fisher scientific, Magnetic stirrer, 
Magnetic bead , Drying oven, Beakers, Measuring Cylinder. 
Zinc acetate hydrate aqueous solution was prepared by dissolving 2 g of Zinc acetate in 
10 ml of water and likewise Citric acid solution was prepared by dissolving 2 g of Citric 
acid in 10 ml of water, this solution was taken in de-ionised water. After that the Citric 
acid solution was added in zinc acetate hydrate solution and the whole solution was then 
placed onto a magnetic stirrer for two hours. The result was a white precipitate powder 
and the excess of water was removed from it and was again watched. This Powder was 
then left for drying at 60◦ for 2h.Finally the prepared sample was calcined in a furnace at 
300C for 4 hours. Ultimately we were left with the 2 samples the uncalcined one and the 
calcined one. Both the sample was then characterized by X-Ray Diffractometry 
 
 
Fig 1: XRD of uncalcined ZnO 
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The uncalcined ZnO powder was characterized by XRD having the X-ray 
wavelength of 1.5406 A
0
. The maximum peak intensity was found at an angle of 
20.28
0 
and Intensity 3112.02. The clearly visible peaks are at the angles of 12.42
0
, 
15.15
0
, 20
.
28
0
, 24.5
0. The crystallite size of the sample found from the Scherrer’s 
formula is 42 nm [2].  
 
 
Fig 2: XRD of calcined ZnO 
 
The calcined ZnO powder was characterized by XRD having the X-ray 
wavelength of 1.5406 A
0 
(Fig 2). As it is clear from the XRD plot of the prepared 
sample that it is highly crystalline in nature because of the presence of number of 
sharp peaks. The clearly visible peaks are at the angles of 32.4
0
, 34.92
0
, 36.72
0
, 
48
0
, 56.76
0
, 63.14
0 
and 68.24
0
.The maximum peak intensity was found at an angle 
of 36.72
0
.
  The crystallite size of the sample found from the Scherrer’s formula is 
17.30 nm. From the observation of XRD plots of uncalcined and calcined sample, 
the crystallite size of uncalcined sample was found to be 41.55nm and for the 
calcined sample it was found to be 17.3nm. So we found here that there is a 
significant reduction in the crystallite size by 22.26nm which is due to the 
removal of the embedded water molecules and the breaking of the polymeric bond 
in the phase [2]. VSM of unclacined ZnO and Aluminum ferrite is shown in Fig 3 
and 4.  
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Fig 3: M-H plot of ZnO (unclacinated) 
 
Fig 4 : M-H plot of Aliminum Ferrite  (unclacinated) 
 
Cobalt on Cobalt oxide is a ferromagnetic (FM)/ Antiferromagnetic (AFM) system which 
is technologically important as FM/AFM shows giant magneto resistance (GMR). Cobalt 
(Co)/ CoO thin films were deposited by magnetron sputtering on Si (111) substrates and 
subjected to Si ion beam irradiation. Ion beam irradiation is an effective means of 
studying the morphological changes occurring in thin films. Surface energy changes as 
well as displacement of atoms due to localized heating can bring about interesting 
phenomena which can lead to possible patterning and device fabrication in the future [3]. 
The films showed exchange bias and dewetting due to higher surface energy gained by 
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the incoming adadtoms through on ion beam radiation [4]. The detailed magnetic 
property investigation of the above system is published previously [4, 5].  
 
In this work a computational study has been performed on the M-H plot obtained by 
fitting the experimental plot with a mathematical one and studying the effect of the 
different parameters on the plot. Fig 5 shows the experimental M-H plot which indicates 
a super paramagnetic behavior of the system as the coercivity is almost absent. In SPM 
the magnetization can flip direction which occurs in ferromagnetic nanoparticles. 
 
 
Fig 5: M-H plot of Co/CoO thin film 
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Fig 6 : Simulated M-H plot for different H ranges 
 
M-H plot follows a Langevian function for the SPM state which in this case is more 
fitting with lower range of H values. If H values range from higher negative to higher 
positive values, it is converting to more wave nature as depicted in Fig 6. 
The experimental plot was fitted with a polynomial as given in eqn 1 with coefficients p1 
to p9 as given in Table 1. The coefficients were varied to obtain different M-H plots as 
shown from Fig 7. The MATLAB codes were used to simulate the plots. The ranges of 
variations of the coefficients are again given in table 1. A representative MATLAB code 
for p3 is given. 
 
M = p1*H. ^8 + p2*H.^7 + p3*H.^6 + p4*H.^5 +p5*H.^4 + p6*H.^3 + 
p7*H.^2 + p8*H + p9    --------------------------------------(1) 
 
 
 
-2 -1 0 1 2
x 10
4
-1
-0.5
0
0.5
1
x 10
-3H=-1.25e4:0.1e4:1.25e4
field/H (oe)
m
o
m
e
n
t/
M
 (
e
m
u
)
-1 -0.5 0 0.5 1
x 10
4
-1
-0.5
0
0.5
1
x 10
-3H=-1.0e4:0.1e4:1.0e4
field/H (oe)
m
o
m
e
n
t/
M
 (
e
m
u
)
-2 -1 0 1 2
x 10
4
-1
-0.5
0
0.5
1
x 10
-3H=-1.5e4:0.1e4:1.5e4
field/H (oe)
m
o
m
e
n
t/
M
 (
e
m
u
)
-2 -1 0 1 2
x 10
4
-1
-0.5
0
0.5
1
x 10
-3H=-2.0e4:0.1e4:2.0e4
field/H (oe)
m
o
m
e
n
t/
M
 (
e
m
u
)
6 
 
 
p1 1.3399e-37 0.98 p1-1.02 p1 
p2 -8.4726e-33 0.98 p2-1.02 p2 
p3 -1.0776e-28 0.98 p3-1.02 p3 
p4 6.941e-24 0.98 p4-1.02 p4 
p5  -1.8892e-15 0.98 p5-1.02 p5 
p6 -2.4692e-12 0.98 p5-1.02 p5 
p7 1.9672e-07 0.8p7 – 1.2p7 
p8 4.9375e-05 0.8p8 – 1.2p8 
p9 4.9375e-05 p9 – 10p9 
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Fig 7 : Simulated M-H plots for different values of p9 to p1. 
 
for i=0.98:0.02:1.02; 
p3 = -1.0776e-28; 
p3=p3*i; 
M= p1*H.^8 + p2*H.^7 +  p3*H.^6 + p4*H.^5 +p5*H.^4 + p6*H.^3 + 
p7*H.^2 + p8*H + p9; 
plot(H,M) 
hold on; 
end 
  
So we can see that parameter p1 to p5 are not causing any significant changes in the plots 
for the shortet H range -1.5 Oe to 1.5 Oe. Hence we will consider only p6, p7, p8 and p9 
in equation 1. The new M-H  relation  therefore is given in equation 2. 
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M = p6*H.^3 + p7*H.^2 + p8*H + p9    ---------(2) 
 
A change in p9 causes a shift in origin is observed which is indicative of exchange bias. 
A higher value of p9 from the fitted value is causing a negative exchange bias. The 
parameters p8, p7 and p6 on the other hand change the peak magnetization value as 
observed in Fig 7.If we take the peak magnetic moment as the saturation magnetization, 
Ms then the value of Ms arises with p6, p7 and p8 as given in Fig 8. P6 was observed to 
have the highest effect on Ms.  
 
0.8 0.9 1.0 1.1 1.2
-2.4
-2.0
-1.6
-1.2
-0.8
p6
p7
M
s
 (
e
m
u
)
X p8/p7/p6
p8
 
Fig 8: Variation of Ms for different p6, p7 and p8 values 
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